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FATHER’S CONTRIBUTION TO

his children’s risk of birth de-

fects is not well established.

If the father has a birth de-
fect, he may pass on to his children
genes that increase their risk of a birth
defect. However, the extent to which
children of affected males are at higher
risk is unknown except in a few spe-
cific types of birth defects. Further-
more, if a father has a particular birth
defect, it is unknown whether his off-
spring are at increased risk of having
any other kinds of birth defects.

We observed a cohort of nearly a half
million males from birth to adult-
hood, using a population-based regis-
try in Norway. Males with registered
birth defects were compared with other
males regarding survival, their prob-
ability of having offspring, and risk of
birth defects in their offspring. We have
previously reported similar data for a
cohort of females with birth defects.!

METHODS
Population-Based Cohort

The population-based Medical Birth
Registry of Norway records all births in
Norway since 1967 (about 1.8 million
births). All live births and stillbirths at
a gestational age of at least 16 weeks are
included in the registry. There were
486207 live and stillborn male infants
delivered in Norway between 1967 and
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Context Few systematic data exist on survival and reproduction among males with birth
defects and their contribution to occurrence of birth defects in the next generation.

Objective To estimate survival of males with registered birth defects, their subse-
quent reproduction rates, and their risk of transmitting birth defects to their offspring.

Design and Setting Population-based cohort study of data from the Medical Birth
Registry of Norway.

Subjects A total of 486207 males born in Norway between 1967 and 1982, 12292
of whom had a recorded birth defect.

Main Outcome Measures Survival rates through 1992, reproduction rates through
1998, and risk of birth defects among offspring of males with vs without birth
defects.

Results Survival through 1992 was lower among males with birth defects (84 % vs
97 %). Compared with males without birth defects, affected males were 28% less likely
to have had a child. Among offspring of affected males, 5.1% had a registered birth
defect compared with 2.1% of offspring of males without birth defects (relative risk
[RR], 2.4; 95% confidence interval [Cl], 1.9-3.0). Offspring of affected fathers had
an increased risk of the same defect as their fathers (RR, 6.5; 95% Cl, 4.0-10.4) and
an increased risk of dissimilar defects (RR, 1.8; 95% Cl, 1.3-2.5).

Conclusions Compared with unaffected males, males with birth defects have higher
mortality and survivors are less likely to have a child. Fathers with birth defects are
significantly more likely than unaffected fathers to have an affected child.
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1982, which we defined as our study
cohort. In our analyses, the cohort was
divided into those with a registered
birth defect (n=12292 males [2.5%])
and the remaining males without birth
defects (the reference group). The co-
hort was followed up for survival
through 1992, when the most recent
linkage with mortality records was car-
ried out, and for reproduction through
September 1998.

Linking Fathers and Offspring

The Medical Birth Registry of Norway
includes unique personal identification

numbers for all births in Norway as well
as the identification number of the father
and mother. These identifiers permit link-
age of males born early in the cohort with
their offspring born later (1983-1998).
This linkage does not ensure 100% detec-
tion of the cohort’s offspring. During the
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]
Table 1. Male Births, Survival, and Reproduction

Age at End of

Year of Birth Births Follow-up, y* Survival, No. (%)t Reproduction, No. (%)
1967-1969 105324 28-31 100399 (95.3) 46170 (46.0)
1970-1972 101518 25-28 97357 (95.9) 26415 (27.1)
1973-1975 92076 22-25 88967 (96.6) 10272 (11.5)
1976-1978 81152 19-22 78973 (97.3) 2445 (3.1)
1979-1982 106137 15-19 103620 (97.6) 272 (0. 8)

Total 486 207 15-31 469 316 (96.5) 85574 (18.2

*Follow-up was completed through September 1998.
TSurvival was followed up through 1992.
FReproduction data are expressed as the percentage of survivors who became fathers by September 1998.

Figure 1. Survival and Reproduction Among Males Born With and Without Birth Defects
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The cohort was followed up for survival through 1992 and for reproduction through September 1998. Repro-
duction data were analyzed only among survivors.

later period, 5.6% of the births lacked a
father’s identity and, therefore, were
excluded from this analysis. The lack of
identified fathers was associated with fetal
death; the percentage of stillbirths that
did not have an identified father was 51%.
Also, younger mothers were more likely
to have children with an unidentified
father, which presumably led to selec-
tive loss of recorded births for younger
fathers. Finally, children born outside of
Norway to Norwegian-born parents are
not captured by the registry (although
outmigration during this period was
extremely low?). By 1998, the registry had
accumulated 110327 births that could
be linked to fathers born in the study
cohort.

tion (=5 days). In this study, 24
categories of birth defects were used, the
same as in 2 previous studies."* Catego-
ries of birth defects were based on the
3-digit codes of the International Clas-
sification of Diseases, Eighth Revision
(ICD-8), with minor modifications. Most
of the birth defects included are major;
however, minor defects may be in-
cluded in some categories and cannot be
distinguished by ICD-8 codes. For ex-
ample, the heterogeneous category of
limb defects includes serious reduc-
tion deformities and, possibly, minor
soft-tissue syndactylies.

Most affected children had only 1
specific birth defect diagnosis. Cases
with multiple defects were pooled in a
separate category, except that when
spina bifida was present with anen-
cephaly, only anencephaly was counted,
and when hydrocephalus was present
with spina bifida, only spina bifida was
counted. Isolated cleft palate was sepa-

Classification of Birth Defects

The Medical Birth Registry of Norway
records birth defects that are diag-
nosed at delivery or by pediatric exami-
nation during the initial hospitaliza-
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rated from the 3-digit ICD-8 code for
cleft lip and palate as a distinct cat-
egory. Similarly, Down syndrome was
separated as a category distinct from
other syndromes.

The Medical Birth Registry of Nor-
way, like other registries based on rou-
tine medical birth records, does not cap-
ture all birth defects. Estimates of
ascertainment vary by defect category.
For example, the Medical Birth Regis-
try of Norway captures an estimated 80%
of cleft lip and an estimated 60% of Down
syndrome cases.” The Norwegian Health
Inspectorate has instructed that thera-
peutic abortions should be reported to
the registry as stillbirths, including in-
formation on any diagnoses of birth de-
fects. The completeness of such report-
ing is not known, however.

In analyzing the risk of birth defects
in children whose fathers also had birth
defects, we defined a similar defect as one
in the same ICD-8 category as the fa-
ther’s and other defects as all others.’

Analysis

Males with birth defects were com-
pared with males without birth de-
fects. Survival and reproduction were
based on standard actuarial life-table
methods (6-month intervals). Repro-
duction among males with specific birth
defects was calculated as a ratio rela-
tive to males who had no reported birth
defects, with the inherent limitation of
a slight underascertainment of off-
spring. Estimates of reproduction are
based on all males surviving to age 15
years. The 95% confidence interval (CI)
for relative reproduction between
groups was calculated using a Cox pro-
portional hazards model.”

The expected number of birth de-
fects in offspring of fathers with a
specific defect was based on risk of birth
defects among offspring of males
without recorded birth defects. Rela-
tive risks (RRs) of recurrence of simi-
lar or dissimilar birth defects (the ob-
served-expected ratio [O/E]) were
summarized across all paternal defect
categories using a stratified approach.
Exact P values and 95% Cls were cal-
culated using StatXact.®
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RESULTS

The prevalence of registered defects at
birth (including stillbirths) was 2.5% in
this cohort of 486207 males. Eighteen
percent (n=85574) of survivors had at
least 1 recorded offspring by Septem-
ber 1998 (TABLE 1). The percentage who
had become fathers increased with age,
reaching 46% by age 28 to 31 years.

Survival and Reproduction Among
Males With Birth Defects

FIGURE 1A shows survival for males
with and without birth defects. Males
with a birth defect had lower survival
to age 20 years (84% compared with
97%, including all male fetuses aged
=16 completed weeks’ gestation). Af-
fected males had higher mortality at all
ages up to 14 years, with the highest RR
in the first year of life (TABLE 2).

If they survived, males with birth de-
fects were less likely than other males
to have a child at any age (Figure 1B).
Using a Cox regression model, the rate
of reproduction among surviving males
with birth defects was estimated to be
72% of the reproduction rate among un-
affected males (95% CI, 68%-77%).
Taking into account both the higher
mortality rates and the lower reproduc-
tion rates among survivors, a male with
birth defects was, on average, only 63%
as likely to reproduce by age 30 years
as an unaffected male.

FIGURE 2 shows total survival for each
of the 24 birth defect categories and re-
production among males in each cat-
egory relative to unaffected males. The
defects that were least likely to cause
death were also least likely to reduce a
man’s probability of having a child if he
survived. However, some birth defect
categories with high survival rates had
substantially reduced reproduction
rates and vice versa.

Birth Defects in the

Second Generation

Of the 12292 males with birth de-
fects, 850 had a total of 1265 children.
Sixty-four (5.1%) of these children had
birth defects. Fathers without birth de-
fects had a total of 109 162 children, of
whom 2326 (2.1%) had birth defects.
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]
Table 2. Age-Specific Death Rates of Males With vs Without Birth Defects

Death Rates per 1000 Births

T ] Relative Risk

Age at Death, y With Birth Defects Without Birth Defects (95% Confidence Interval)
Stillborn 45.4 12.5 3.6 (3.3-3.9)
1 96.7 10.4 9.3 (8.7-9.9)
2 4.1 0.9 4.6 (3.3-6.2)
3-4 4.5 1.3 3.4 (2.5-4.5)
5-9 5.9 1.8 3.2 (2.5-4.2)
10-14 3.2 1.0 3.1 (2.2-4.4)
=15 3.6 3.8 0.9 (0.7-1.9)

Figure 2. Survival and Reproduction of Males Born With Birth Defects by Defect Category
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Defect-specific reproduction is reported relative to reproduction of males without birth defects. Reproduction

data were analyzed only among survivors.

Thus, the overall risk of a birth defect
was 2.4 times higher among children
of affected fathers (95% CI, 1.9-3.0).
This higher risk of birth defects did not
differ by sex of the offspring (P=.79).

The excess contribution made by af-
fected fathers to occurrence of birth de-
fects in the next generation was a com-
bination of 2 factors: the proportion of
fathers who had birth defects and the

increased risk of defects in their chil-
dren. Measured in attributable risk,” af-
fected fathers contributed 16 of 1000
registered birth defects in the next gen-
eration.

Similarity of Defects in Fathers

and Children

TABLE 3 shows the risk of similar and
dissimilar birth defects among off-
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spring of affected fathers. Twenty-one
children had the same defect as their fa-
thers compared with an expected num-
ber of 3.2. The most common recur-
ring defects were cleft lip, genitalia
defects, limb defects, and clubfoot. The
recurrence risk (O/E) was 38-fold for
cleft lip, 3.8-fold for genitalia defects, and
12-fold for limb defects. The recur-
rence risk for clubfoot was 3.4-fold but
was not significantly different from 1.
The pooled RR for similar defects in chil-
dren was 6.5 (95% CI, 4.0-10.4).

Forty-three children had defects dif-
ferent from the father’s compared with
an expected number of 23.7. The O/Es
for specific defects were all greater than
1 and, for 2 categories (cleft lip and ab-
dominal wall), this increase was statis-
tically significant. The pooled O/E for
a dissimilar defect was 1.8 (95% CI,
1.3-2.5).

COMMENT

The Medical Birth Registry of Norway
is a population-based registry that per-
mits follow-up of persons born since
1967. In a previous article, we identi-
fied a cohort of females born between
1967 and 1982 and compared the sur-
vival and reproduction of females with
and without birth defects.! In the pres-
ent article, we provide similar data for
males with and without birth defects.

Males with birth defects had higher
mortality than unaffected males
through infancy and childhood. This

surprising persistence of mortality risk
presumably reflects the ongoing com-
plications related to their defects.

Males with birth defects were 28%
less likely than unaffected males to have
a child. This presumably reflects so-
cial as well as biological consequences
of their defects. The reduced probabil-
ity of fathering a child varied substan-
tially across defect categories, with all
but the small category of other central
nervous system defects having a re-
duced tendency to reproduce.

The total risk of birth defects was
5.1% among offspring of fathers with
defects and 2.1% among offspring of fa-
thers without defects, for an RR of 2.4.
No single category of defect explained
the higher risk in affected fathers’ off-
spring.

As expected, the risk of birth de-
fects in offspring was increased mainly
for the same type of defect as the fa-
ther’s. Fairly precise estimation of the
recurrence risk was possible for the
most common types of defects. A re-
currence risk of the same defect is con-
sistent with a shared genetic etiology,
although shared environmental causes
cannot be ruled out. Offspring of af-
fected fathers also had an increased risk
of dissimilar defects of all types. The ex-
planation for this excess is not as clear,
and the possibility of bias must be con-
sidered.

The Medical Birth Registry of Nor-
way, like other registries based on rou-

tine medical birth records, does not cap-
ture all birth defects. Some are simply
underregistered at birth.* Others, such
as defects of the heart or kidney, are of-
ten ascertained too late to be captured
by the registry. This is reflected in the
relatively low number of such defects
in our data.

Underregistration creates an oppor-
tunity for bias. A father’s birth defect
may make it more likely that a birth de-
fect in his offspring would be re-
corded in the medical record. If so, we
would predict that, on average, these
recorded defects would tend to be
milder. This was apparently not the
case. Among the 64 affected offspring
of affected fathers, 9.4% died within the
first year of life, while among the 2326
affected offspring with unaffected fa-
thers, only 5.9% died in the first year.
It appears that affected offspring of af-
fected fathers had more serious de-
fects compared with affected offspring
of unaffected fathers. A tendency for
more minor defects to be ascertained
in offspring of affected fathers is pos-
sible but could not be demonstrated.

Our previous analysis of affected
mothers provides some further infor-
mation on the issue of selective diag-
nosis. Previously, we found no in-
crease among the offspring of affected
mothers in the RR for dissimilar de-
fects.! Anincreased ascertainment of de-
fects would presumably occur among
offspring regardless of which parent was

]
Table 3. Risk of Similar and Dissimilar Birth Defects in Offspring, by Birth Defect Categories of Fathers

Total Observed |

Similar Defects

Dissimilar Defects

I 1
Observed, Expected, Observed-Expected

Fathers, Offspring at Defects in Observed, Expected, Observed-Expected
Categories™ No. Risk, No.  Offspring, No. No. No. Ratio (95% CI)t No. No. Ratio (95% CI)t
Cleft lip 68 115 12 6 0.16 38 (14-93) 6 2.29 2.6 (1.0-6.1)
Abdominal wall 12 15 3 0 0.004 0 (0-1243) 3 0.32 9.5 (2.1-43)
defects
Clubfoot 218 316 10 4 117 3.4 (0.9-9.0 6 5.57 1.1(0.4-2.4)
Limb defects 123 184 9 3 0.25 12 (2.5-37) 6 3.67 1.6 (0.6-3.7)
Genital defects 246 370 17 5 1.31 3.8(1.2-9.2) 12 6.58 1.8(0.9-3.3
Anal defects ihl 14 2 1 0.006 173 (4.3-1290) 1 0.29 3.4 (0.08-24)
Skin/hair/nail 29 42 2 1 0.029 35 (0.87-215) 1 0.87 1.2 (0.03-6.8)
defects
Multiple defects 35 61 4 1 0.17 5.9 (0.2-35) 3 1.13 2.7 (0.5-8.4)
Total defects 850 1265 64 21 3.22 6.5 (4.0-10.4) 43 23.7 1.8(1.3-2.5)

*Only categories with at least 2 occurrences in offspring are shown.
tFathers without the specific defect were the reference. Cl indicates confidence interval.
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affected. Thus, we observed no evi-
dence to support ascertainment bias as
the reason for an excess of dissimilar
defects among offspring of affected fa-
thers.

If male neonates are routinely in-
spected more closely for defects than fe-
male neonates, this could lead to ascer-
tainment of more minor defects for males
within each defect category. If such mi-
nor defects had a stronger tendency to
result in a dissimilar defect in offspring,
this could contribute to a higher risk in
offspring of affected fathers. Some chil-
dren with 1 registered birth defect prob-
ably also have other unascertained birth
defects. If such underascertainment were
more frequent for males, this also could
lead to an increased risk of apparently
dissimilar defects.

Although the recurrence risk from fa-
ther to offspring was substantial, the
number of affected fathers was too low
to contribute many birth defects to the
next generation. Only 1.6% of birth de-
fects in the second generation could be
attributed to a defect in fathers. Males
with birth defects were slightly more
likely than other males to find a part-
ner with a birth defect (1.6% vs 0.9%).
However, this difference is too small to
explain the excess risk of dissimilar de-
fects. Of the 15 pairs of parents in which
both had birth defects, only 1 had an
affected child (father, mother, and child
all had cleft lip).

Given the structure of the cohort
(comprising all male births in 1967-
1982), only a small proportion of the
members of the cohort have reached age
31 years. Caution must be used in mak-
ing longitudinal interpretations of these
cross-sectional data. A complete repro-
ductive history will be required to make
amore definitive inference about male
reproduction and risk of birth defects
in offspring.

This study had incomplete ascertain-
ment of offspring among males in the co-
hort. During the period when these births
occurred, nearly 6% of birth certificates
had no recorded father and, as a conse-
quence, some males in the cohort be-
came fathers without evidence in the reg-
istry. Since the father’s information was

©2001 American Medical Association. All rights reserved.
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lacking for half of stillbirths, and chil-
dren with birth defects are more likely
than others to be stillborn, the total num-
ber of children with birth defects born
to the study cohort of males is probably
underascertained.

Furthermore, offspring of affected fa-
thers may be selectively underascer-
tained to the extent that these off-
spring more often have birth defects and,
therefore, more often are stillborn. The
effect could be that we slightly under-
estimate the fertility of affected fathers
and, more importantly, that we may un-
derestimate the percentage of birth de-
fects among their offspring.

For an unknown percentage of birth
certificates, the recorded father is not
the biological father. Such errors would
reduce the contrast in rates of recur-
rence between affected and unaffected
males.

Our estimates of recurrence risk do
not take into account the slight statis-
tical dependence of outcomes within
the family structure, ie, that some fa-
thers are represented with more than
1 child.® While this may widen some
Cls, the effects are minimal and should
have little or no impact on the risk es-
timates themselves. The results were
similar when analyses were restricted
to only 1 (the first) child per father.

There are similarities but also appar-
ent dissimilarities between these data for
males and the data for females reported
previously.! Birth defects generally were
more prevalent among males than fe-
males. This male excess of defects also
has been observed in other cohorts.’

Infant and childhood mortality rates
were lower for affected males than for
affected females (16% vs 20%).! This
counters the usual survival advantage
of females in infancy and childhood.
The higher mortality for affected fe-
males was not explained by any spe-
cific category of defects. Given the
higher rate of recorded defects among
males, it is possible that less severe
manifestations of a given defect are
more likely to be registered for males
than for females.

The 28% reduced reproduction ten-
dency among affected males is very

similar to the reduction previously seen
among affected females (27%).! Given
that reproduction is a more complex
function for mothers than for fathers,
we might have expected a smaller re-
duction among affected males. Simi-
larly, if the excess birth defects among
males reflect the selective recording of
a greater number of milder defects, we
might have expected less reproduc-
tive impairment among males than fe-
males. Neither was the case.

Affected males were slightly more
likely than affected females to contrib-
ute offspring to the next generation
(63% vs 60%). Given that more males
than females had registered birth de-
fects, there were substantially more af-
fected fathers than affected mothers
contributing to the next generation.
This result was not fully apparent at the
follow-up in 1998 because males tend
to become parents later in life than fe-
males, and the present data are trun-
cated at a relatively young age.

The RR for birth defects among off-
spring was significantly higher for af-
fected males (2.4) than for affected fe-
males (1.6) (test of homogeneity of odds
ratios, P=.03). This difference hypo-
thetically may be explained by a greater
contribution of paternal genes to risk
of birth defects (genomic imprinting).

The pooled RR of a woman having a
child with the same defect was 6.8, simi-
lar to the father’s risk of 6.5. However,
affected mothers had no apparent in-
crease in risk of offspring with other de-
fects (RR, 1.0),! in contrast with the sub-
stantial increase in the father’s risk of
other defects (RR, 1.8). The higher risk
of dissimilar defects with affected fa-
thers apparently accounts for the en-
tire excess of birth defects among off-
spring of affected fathers compared with
offspring of affected mothers. A syn-
drome could hypothetically be ex-
pressed as different defects in different
affected family members. It is unclear
whether this could explain a higher ten-
dency of males to pass on a different de-
fect to the next generation.

There are few data in the literature
that compare recurrence risk for fa-
thers and mothers, and these data are
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restricted to recurrence of the same de-
fect carried by the parent. Mothers have
been reported to be more likely than fa-
thers to pass on a heart defect to a
child.'™!! In a study of spina bifida,
mothers of affected children were more
likely than fathers to report a family his-
tory of spina bifida.'* The authors in-
terpret this as evidence of preferential
transmission of these defects through
females, although this could also be be-
cause of more complete reporting by
mothers.

Affected males contributed more af-
fected offspring than affected females,
not merely because of their increased
risk of having affected offspring but be-
cause there were more affected fathers

than mothers. The attributable risk of
birth defects in the next generation from
affected fathers was 3 times that from
affected mothers (1.6% vs 0.5%).' The
sum of 2 attributable risks is usually an
overestimate of their total, so the com-
bined contribution from affected par-
ents is presumably no more than 2%.
In this report, we have shown that
males with birth defects have in-
creased mortality throughout child-
hood compared with unaffected males
and that males with birth defects are less
likely to have a child. Furthermore, our
data suggest that fathers with birth de-
fects are significantly more likely than
unaffected fathers to have children with
birth defects. In many respects, these

findings are similar to previously pub-
lished data for females. However, af-
fected fathers appear to contribute more
birth defects than affected mothers to
the next generation.
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